In this study, we use Monte Carlo modelling to investigate the effect of tissue optical properties on Cherenkov emission detected from tissue surface. MC simulations are performed for wavelength between 400-1000nm and the values of absorption coefficient at each wavelength are determined based on the molar extinction coefficients of oxy-and deoxy-hemoglobin, with varying total haemoglobin concentration and tissue oxygen saturation of 70%. Tissue reduced scattering coefficient is approximated using µ s
INTRODUCTION
One major challenge of total skin electron beam therapy (TSET) is to deliver a homogenous dose over the entire irregular skin surface. The delivered dose can also deviate from prescribed dose due to setup positioning uncertainties and potential patient movements during TSET. Therefore, there is a need for a quick and simple method to monitor dose delivery to ensure more homogenous dose delivery and to provide a new method for TSET protocol commissioning. Cherenkov radiation is an electromagnetic radiation emitted from transmission of a charged particle through a dielectric medium at a speed greater than the phase velocity of light in that medium [1, 2] . Cherenkov light signal can be generated when high energy photon and electron pass through human tissues. Studies have demonstrated that Cherenkov emission from tissue surface can be used to visualize radiation dose deposition on patient during electron therapy [3] . Linear relationship between the Cherenkov signal intensity and locally deposited dose further suggests that Cherenkov emission can be used for quality assurance and in vivo dosimetry to assess spatial dose distribution especially in TSET.
The implementation of Cherenkov imaging offers an excellent technology to detect abnormalities in the treatment, which would otherwise go unnoticed. However, there are factors that can alter the linearity between dose and Cherenkov signal, for instance, tissue optical properties. Spatial heterogeneity in optical properties due to different tissue sites, skin pigmentation and discoloration, is commonly encountered in patients and may easily be misinterpreted as non-uniformity of dose deposition if this is not corrected for carefully. Besides intra-patient heterogeneity, optical properties of human tissues can vary greatly across patients. Thus, it impossible to use a universal equation to convert Cherenkov intensity to dose since the Cherenkov-dose conversion ratio may differs within and across patients. Furthermore, depending on the tissue optical properties, the thickness/volume of the superficial layer where the Cherenkov photons are generated could also be very different.
In this study, we use Monte Carlo simulations to evaluate the effect of skin optical properties on Cherenkov emission detected from skin surface. We simulate the spectrum of Cherenkov emission from 400nm to 1000nm for a range of clinically relevant tissue optical properties at 665nm (μ a = 0.1 -1 cm -1 , μ s '= 5 -40 cm -1 ) based on a review on the in-vivo tissue optical properties [4] . The absorption coefficient at each wavelength was determined based on the absorption spectra of oxy-and deoxyhaemoglobin. The reduced scattering coefficient at each wavelength was approximated based on Mie scattering theory, μ s '(λ) = Aλ -b . The effect of tissue optical properties on the emission spectrum, angular distribution and depth of origin of Cherenkov light detected on tissue surface were systematically evaluated.
METHODS

Monte Carlo modelling of Cherenkov emission
The Monte Carlo algorithm used here was written in Matlab (The Mathworks Inc., Natick, MA.) as described previously [5] [6] [7] . The setup geometry to be calculated by Monte-Carlo simulation for a semi-infinite medium with uniform optical properties is shown in Figure 1 . The anisotropy g factor is 0.9 and refraction mismatch is 1.4 (n air = 1 and n tissue = 1.4). Cherenkov photons are generated uniformly along a cone parallel to the central axis (of particle propagation) from below the surface, z 0 = 0 cm to 2 cm into tissue. The half angle of the cone, also known as the Cherenkov angle ζ was set at 43.5°, which corresponds to 3MeV electron beam energy. The maximum depth of Cherenkov generation in this study was 2 cm as photons generated beyond this depth are unlikely to propagate and escape from tissue surface. A million Cherenkov photons were run for each Monte Carlo simulation. When a photon is launched, z 0 and α are randomly determined between 0 and 2 cm and between 0 and 2π, respectively. λ is randomly selected between 400 -1000 nm with 4 nm spacing. Depending on the λ selected, µ a and µ s ' and the initial weight of the photon will be determined from the spectra as shown in Figures 2(a) -(c). The initial weight of photon was set to 1 for 400 nm and the initial photon weight for other wavelengths were determined based on λ -2 relationship. The absorption spectrum was determined based on the molar extinction coefficients of oxy-(HbO 2 ) and deoxy-hemoglobin (Hb), with tissue oxygen saturation of 70% ( 
